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Title of the Invention 

Golf Club Shaft 

Field of the Invention 

This invention relates to an anisotropic golf club 
shaft and more particularly to a method of improving the 
strength of the anisotropic golf club shaft and enhancing 
productivity thereof. 
Description of the Related Art 

Needless to say, it is advantageous to hit a golf ball 
straight to get a good score and fly it a long distance. 
Hovi^ever, many golfers puzzle over the fact that golf balls 
hit are likely to be curved, i.e., they fly a so-called hook 
ball or a slice ball. 

The golf bal] is curved because the orientation of the 
orbit of a club head and the orientation (orientation of 
line normal to face of club head) of the face of the club 
head are not coincident with each other at an impact time. 
That is, when the face (orientation of line normal to face 
of the club head) of the club head is directed to the right 
with respect to the orbit of the club head, the golf ball is 
curved to the right (slice in the case of right-handed 
player), whereas when the face of the club head is directed 
to the left with respect to the orbit of the club head, the 
golf ball is curved to the left (slice in the case of right- 
handed player). 
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Thus, to fly the golf ball straight to an aimed 
direction, it is necessary to correct the orientation of the 
face of the club head at an impact time. Bu it is not easy 
to correct a swinging form. Thus, many players puzzle 
over how to correct their swinging forms. 

In Japanese Laid-Open Patent Publication No. 3- 
227616, the present applicant describes that in a hollow or 
solid shaft having an anisotropic material such as fiber 
reinforced resin or the like formed at at least one part of 
the shaft, a fibrous angle of the anisotropic material is 
differentiated (varied) partly in a circumferential 
direction of the shaft and at at least one part of the shaft 
in the thickness direction thereof to differentiate the 
principal elastic axis of the shaft from the principal 
geometric axis. In this manner, the principal elastic axis 
can set at an arbitrary position. 

In the hollow shaft in which the principal elastic 
axis is differentiated from the principal geometric axis to 
set it at an arbitrary position, when a load is so applied 
downward to the shaft that the load does not pass through 
a point located on the principal elastic axis, the hollow 
shaft is flexed and twisted, as shown in Figs. 16 and 16. 
That is, as shown in Fig. 15, supposing that one end of a 
hollow shaft 10 is denoted by a fixed end 10c and that the 
other end thereof is denoted by a free end lOd, a principal 
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elastic axis E is not coincident with a principal geometric 
axis G, and the free end lOd is positioned upward from a 
point Q located on the principal elastic axis E. When a 
load W not passing through the point Q located on the 
principal elastic axis E is applied to the free end lOd of 
the shaft 10, the shaft 10 is flexed and twisted, as shown 
in Fig. 16. 

Further, the present applicant proposed a golf club 
to which a hollow shaft having the a b o v e - d e s c r i b e d 
anisotropic property is applied, as disclosed in Japanese 
Laid-Open Patent Publication No. 10-328338. According 
to the disclosure made therein, the shaft is twisted by the 
flexure thereof when the golf club is swung so that when a 
hooker or a slicer uses the golf club, the orientation 
(orientation of line normal to face of club head) of the face 
of the club head is s e 1 f - c o r r e c t e d . In the golf club, the 
club head is installed on the end of the anisotropic shaft 
which is flexed and twisted such that a line normal to the 
face of the club head is oriented to the direction in which 
a golf ball is to be flied, i.e., the face of the club head is 
oriented to a specific direction owing to twisting of the 
shaft at a desired angle caused by flexure thereof which 
occurs when the golf club is swung. 

In the above Japanese Laid-Open Patent Publication 
No. 10-328338, an anisotropic shaft is manufactured by 
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winding on a mandrel (a molding core rod) a semi- 
circumference prepreg in a region of 0° ^ 0 < 180° (first 
semi-circumference region) and in a region of 180° ^ 0 < 
360 ° (second s e m i - c ir c u m f e r e nc e region) in the 
circumferential direction of the shaft, respectively such 
that reinforcing fibers of both prepregs incline in opposite 
directions with respect to the axial direction of the shaft. 
A plurality of layers each consisting of two semi- 
circumference prepregs inclining in opposite directions is 
wound on the mandrel to produce the anisotropic shaft. 
According to this method, an uncontinuous portion of the 
reinforcing fibers is formed in the boundary between the 
first s e m i - c ir c u m f e r e nc e region and the second semi- 
circumference region. Thus, the strength of the shaft is 
low at the uncontinuous portion. Further, two semi- 
circumference prepregs are used to form one layer. Thus, 
it takes long to manufacture the golf club shaft and 
further, there may be a variation in the characteristics of 
products. To solve the problems, the present applicant 
proposed a golf club shaft and a method of manufacturing 
the golf club shaft, as disclosed in Japanese Laid-Open 
Patent Publication No. 11-76480. 

In the golf club shaft and the method of 
manufacturing the golf club shaft, a hoop layer whose 
reinforcing fibers are substantially perpendicular to the 
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axial direction of the shaft is layered on the boundary 
(uncontinuous portion of reinforcing fiber) between the 
first semi-circumference region consisting of one semi- 
circumference prepreg whose reinforcing fibers incline in 
one direction and the second s e m i - c i r c u m f e r e n c e region 
consisting of the other semi-circumference prepreg whose 
reinforcing fibers incline in the opposite direction. This 
is to prevent deterioration of the strength of the boundary 
therebetween. The two s e m i - c i r cu m f e r e nc e prepregs 
whose reinforcing fibers incline in opposite directions are 
bonded to the hoop layer to prepare a composite prepreg 
sheet in advance. The composite prepreg sheet is wound 
on the peripheral surface of the mandrel to manufacture 
the golf club shaft, thereby a period of time of 
manufacturing can be short and a degree of variation in 
the characteristics of products can be reduced. 

However, in the proposal disclosed in Japanese 
Laid-Open Patent Publication No. 11-76480, it is possible 
to allow the strength and productivity of the shaft to be 
higher than those of the shaft not provided with the hoop 
layer. But the shaft has a seam (boundary between two 
semi-circumference prepregs) present in each layer, 
namely, in one turn of each layer consisting of the first 
and second s e m i ■ c ir c u m f e r e n c e prepregs. Thus, the 
strength of the shaft is still low. 



It is ideal that the edges of the two prepregs are 
butted each other at the seam without forming a gap 
therebetween and overlapping them on each other. But it 
is difficult to butt them each other in such an ideal state 
in factories because they are operated for a mass 
production. Thus, there is necessarily a variation in the 
finish of the seam. In other words, in order to accomplish 
such an ideal butting of the prepregs, it is necessary for 
skilled operators to work without sparing any effort and 
time, which lowers the productivity of the shaft greatly. 
The ab 0 v e - d e s c rib e d gap between the two prepregs and the 
overlapping thereof are defects of the shaft in its 
construction. Thus, in much consideration of the 
durability of the shaft, namely, such a defect cannot be 
ignored. 

In the case of the conventional shaft (principal 
elastic axis and principal geometric axis are coincident 
with each other), in order to allow the shaft to have a 
uniform property in its circumferential direction, a 
prepreg is wound by at least one turn, without changing 
the material thereof. In the case of the anisotropic shaft, 
the semi-circumference prepreg is used. Thus, when the 
same amount of prepreg is used to manufacture the 
anisotropic shaft and the conventional shaft, the total 
number of prepregs to be used in the former is more than 
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that of prepregs to be used in the latter. Further, in the 
case of the anisotropic shaft, it is necessary to butt two 
prepregs each other for each circumference (turn), and 
the width of the semi-circumfeence prepreg is small, which 
makes it troublesome to handle it. Thus, the 

productivity of the anisotropic shaft is low. 
Summary of the Invention 

The present invention has been made in view of the 
ah o ve - de sc r ib e d situation. It is an object of the present 
invention to improve strength and productivity of an 
anisotropic golf club shaft which can be flexed and twisted 
by differentiating its principal elastic axis and principal 
geometric axis from each other, then can be used 
preferably by the hooker or slicer. 

In order to achieve the object, there is provided a 
golf club shaft having a plurality of fiber reinforced 
resinous layers which are layered one upon another in a 
winding state , 

wherein one or more layers of said layers are 
inclined fiber reinforced resinous layers in which 
reinforcing fibers are oriented at angles not 0° and 90° 
with respect to an axis of said golf club shaft and, at 
least one layer of said inclined fiber reinforced resinous 
layers is wound by an unintegral turns more than one turn 
so as to apply an anisotropic property to the shaft. 



When a fiber reinforced resinous layer (prepreg) 
whose reinforcing fibers incline with respect to the axis of 
the shaft is wound, let it be supposed that the number of 
turns thereof is "X + Y" (X is an integer more than 1 (one 
turn), Y is a value more than 0 and less than 1). In this 
case, a part of the entire fiber reinforced resinous layer 
(prepreg) wound by X turns, namely, by an integral number 
of times in a s e m i - c ir c u m f e r e n c e region (0° ^ 0 < 180° ) 
and a part of the entire fiber reinforced resinous layer 
wound by the integral number of times in a circumference 
region (180° ^ 9 < 360° ) are symmetrical with respect to 
the axis of the shaft, and the reinforcing fibers incline in 
the same direction with respect to the axis of the shaft. 
But the fiber reinforced resinous layer (prepreg) wound at 
Y turns forms a part in which the orientation of the 
reinforcing fiber thereof is different from that of the 
reinforcing fibers of the other parts not only in the 
circumferential direction of the shaft but also in the 
thickness direction thereof. 

Accordingly, in the golf club shaft of the present 
invention having the a b o v e - d e s c r i b e d construction, the 
angle of the reinforcing fiber is partly different from that 
of the reinforcing fiber of the other parts in the 
circumferential direction of the shaft and further, at at 
least one part in the thickness direction thereof. Thus, 



the shaft is flexed and twisted. 

In the golf club shaft of the present invention, as the 
part of the fiber reinforced resinous layer wound by X 
turns and the part of the fiber reinforced resinous layer 
wound by Y turns are composed by one prepreg sheet. 
Thus, the shaft of the present invention is formed without 
an uncontinuous portion between the part wound by X and 
the part wound by Y. Therefore, the shaft has a higher 
degree of strength than the conventional anisotropic shaft 
which is composed of the s e m i - c i r c u m f e r e n c e prepregs. 
Further, because the prepreg of the present invention has 
one circumference or more, i.e., it is wound by one turn or 
more, the number of the prepregs of the shaft of the 
present invention is smaller than that of the prepregs of 
the conventional anisotropic shaft formed of the semi- 
circumference prepregs. Furthermore, in the present 
invention, it is unnecessary to perform p r e p r e g - b u 1 1 i n g 
operation. Thus, the shaft of the present invention can 
be manufactured in a higher productivity than the 
conventional shaft. 

Preferably, the unintegral turns of the fiber 
reinforced resinous layers wound by more than 1 (one 
turn) is N-l-0.5 (N is an integer more than 1). The way of 
winding the prepreg allows a part in which the prepreg is 
wound by 0.5 turns to be anisotropic efficiently. 
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According to the present invention, there is 
provided a golf club shaft having a first inclined fiber 
reinforced resinous layer in which reinforcing fibers are 
oriented at an angle of a ° (0° <a < 90° ) with respect to 
an axis of the golf club shaft and a second inclined fiber 
reinforced resinous layer in which reinforcing fibers are 
oriented at an angle of - a ° with respect thereto and 
which is adjacently layered in a winding state at one 
portion or more of the golf club shaft, wherein a winding 
start position of the first inclined fiber reinforced 
resinous layer and a winding start position of the second 
inclined fiber reinforced resinous layer are spaced at 
180° in a circumferential direction of the golf club shaft; 
and the first inclined fiber reinforced resinous layer and 
the second inclined fiber reinforced resinous layer are 
wound by N + 0.5 turns (N is an integer more than 1), 
respectively, 

In the above construction in which the reinforcing 
fibers are adjacently layered one on the other and incline 
in opposite directions, the s e m i - c ir c u m f e r e nc e region of 
one of the first and second inclined fiber reinforced 
resinous layers at the winding termination side thereof 
and the s e m i - c ir c u m f e r e nee region of the other of the first 
and second inclined fiber reinforced resinous layers at the 
winding termination side thereof are positioned in a first 
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circumference region (0° ^ 9 < 180° ) of the shaft and a 
second circumference region (180° ^ d < 360° ) thereof, 
respectively. Similarly, the s e m i - c i r c u m f e r e n c e region of 
one of the first and second inclined fiber reinforced 
resinous layer at the winding start side thereof and the 
semi-circumference region of the other of the first and 
second inclined fiber reinforced resinous layers at the 
winding termination side thereof are positioned in the 
first circumference region (0° ^ 6 < 180° ) of the shaft 
and the second circumference region (180° S 6 < 360° ) 
thereof, respectively. Consequently, it can be the that 
the construction is substantially same as the construction 
in which the s e m i - c i r c u m f e r e n c e prepregs whose 
reinforcing fibers incline in the opposite directions are 
wound on the first circumference region (0° ^ 0 < 180° ) 
of the conventional anisotropic shaft and the second 
circumference region (180 ° ^ 6 < 360 ° ) thereof, 
respectively. Thus, the shaft having the construction is 
flexed and twisted. 

In the golf club shaft of the present invention, 
because the s e m i - c i r c u m f e r e n c e prepreg is not used, there 
is no seam formed between the s e m i - c i r c u m f e r e n c e 
prepregs. Thus, the shaft of the present invention has a 
higher degree of strength than the conventional 
anisotropic shaft which is composed of the semi- 



11 



circumference prepregs. Further, because the prepreg of 
the present invention has one circumference or more, i.e., 
it is wound by one turn or more, the number of the 
prepregs of the shaft of the present invention is smaller 
than that of the prepregs of the conventional anisotropic 
shaft formed of the semi-circumference prepregs. 
Furthermore, in the present invention, it is unnecessary 
to perform p r e p r e g - b u 1 1 i ng operation. Thus, the shaft of 
the present invention can be manufactured in a higher 
productivity than the conventional shaft. 

In manufacturing the golf club shaft of the present 
invention, prepregs composing the first inclined fiber 
reinforced resinous layer and the second inclined fiber 
reinforced resinous layer are bonded to each other, by 
dislocating at 180 ° , from each other, ends of the 
respective two prepregs at a winding start side thereof 
before prepregs are wound on the mandrel, such that when 
the two prepregs are wound on the mandrel, winding start 
positions of the two prepregs are dislocated at 180'' in a 
circumferential direction of the mandrel. Then, the two 
prepregs bonded to each other are wound on the mandrel. 
According to the method, it is possible to decrease a 
number of winding prepregs separately on the mandrel and 
thus improve the productivity of the shaft. 

In the present invention, as reinforcing fibers of the 
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fiber reinforced resin, it is possible to use a glass fiber, a 
carbon fiber, various organic fibers, an alumina fiber, a 
silicon carbide fiber, metal fiber and/or fibers consisting 
of a mixture of these fibers, a woven cloth or a mat. As 
resin, it is possible to use polyamide, epoxy, polyester, 
and the like . 

It is possible to form the golf club shaft of only the 
fiber reinforced resinous layer. Further, it is possible to 
use an u n a n i s o t r o p i c layer such as a fiber reinforced 
rubber layer and a rubber layer having an orientation in 
combination with the fiber reinforced resinous layer. In 
addition, it is possible to use a resin layer or rubber layer 
not containing fiber at a part of the golf club shaft. 

The anisotropic part which allows the shaft to flex 
and twist may be provided partly thereon in its axial 
direction. That is, the anisotropic part may be provided 
on the shaft entirely or partly in its axial direction. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a development view of a prepreg 
constituting a shaft of a first embodiment. 

Fig. 2 shows a winding state of the prepreg 
constituting the shaft of the first embodiment. 

Fig- 3 is a development view of a prepreg 
constituting a shaft of a second embodiment. 

Fig. 4 shows a winding state of the prepreg 
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constituting the shaft of the second embodiment. 

Fig. 5 shows a bonding state of prepregs shown in 
Fig. 3. 

Fig. 6 is a development view of a prepreg 
constituting a shaft of a first comparison example. 

Fig. 7 shows a winding state of the prepreg 
constituting the shaft of the first comparison example. 

Fig. 8 is a development view of a prepreg 
constituting a shaft of a second comparison example. 

Fig. 9 shows a winding state of the prepreg 
constituting the shaft of the second comparison example. 

Fig. 10 is a development view of a prepreg 
constituting a shaft of a third comparison example. 

Fig. 11 shows a winding state of the prepreg 
constituting the shaft of the third comparison example. 

Figs. 12A and 12B are side views showing a method 
of measuring a twist amount of a golf club shaft of the 
embodiment and the comparison examples. 

Fig. 13 shows a three-point bending strength test. 

Fig. 14 shovi^s a twist failure strength test. 

Fig. 15 is a schematic view showing the relationship 
between an elastic main axis and a geometric main axis of 
an anisotropic hoLlow shaft. 

Fig, 16A is a side view showing a state in which a 
load is applied to an anisotropic hollow shaft. 
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Fig. 16B is a schematic view showing a 
deformational behavior of an anisotropic hollow shaft. 
Detailed Description of the Embodiment 

The embodiment of the present invention will be 
described below with reference to the drawings. In the 
drawings, prepregs are shown at short length compared 
with an actual length. 

Figs. 1 and 2 show developed and wound states of a 
prepreg (fiber reinforced resinous layer) constituting a 
shaft of the first embodiment. Figs. 3 through 5 show 
developed and wound states of a prepreg constituting a 
shaft of the second embodiment. 

Figs. 6 and 7 show developed and wound states of a 
prepreg (fiber reinforced resinous layer) constituting a 
shaft of a first comparison example. Figs. 8 and 9 show 
developed and wound states of a prepreg constituting a 
shaft of a second comparison example. Figs. 10 and 11 
show developed and wound states of a prepreg constituting 
a shaft of a third comparison example. 

Numerical values attached to each prepreg in Figs. 1, 
3, 5, 6, 8, and 10 indicate the orientation angle of the 
reinforcing fiber of the prepreg with respect to the axis of 
each shaft. 0.5P, IP, 1.5P, 2P, 3P, and 3.3P attached to 
the right side of each prepreg indicate the number of turns 
(number of circumferences) of each prepreg. That is, 
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0.5P, IP, 1.5P, 2P, 3P, and 3.3P indicate 0.5 turns, 1 turn, 
1.5 turns, 2 turns, 3 turns and 3.3 turns. A triangular 
prepreg sheet shown at the lowermost position indicates a 
reinforcing prepreg sheet to be wound on a small 
diameter-end of each shaft on which a club head is 
installed. 

Prepreg sheets which are used in the embodiments 
and the comparison examples and whose reinforcing fibers 
had orientation angles of 0° , — 45° , +45° are all carbon 
fiber reinforced resin prepreg 8055S-12 manufactured by 
Toray Corp (thickness: 0.1053mm, content of carbon fiber: 
76wt%, CF tensile modulus of elasticity: 30,000kg, and CF 
tensile strength: 560kg). A prepreg sheet (corresponding 
to hoop layer disclosed in Japanese Laid-Open Patent 
Publication No. 11-76480) which is used in only the third 
comparison example and whose reinforcing fiber had an 
orientation angle of 90° is prepreg 805-3 manufactured by 
Toray Corp (thickness: 0.0342mm, content of carbon fiber: 
60wt%, CF tensile modulus o f e 1 a s t i c it y : 30,000kg, and CF 
tensile strength: 410kg). 

The shaft of the first comparison example (Figs. 6 
and 7) is not anisotropic, and each of prepregs 16a - 16c is 
wound at an integral turns more than one turn. The 
prepreg- winding start (termination) positions of the 
prepregs 16a - 16c are different from one another to 
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prevent the section of the shaft from becoming uncircular. 
The shaft doesn't have an anisotropic layer part formed 
thereon. Thus, supposing that an axis perpendicular to 
the axis of the stiaft is set at every portion in the axial 
direction of the shaft, the reinforcing fiber is oriented 
identically at both sides of the axis perpendicular to the 
axis of the shaft. 

The shaft of the second comparison example (Figs. 8 
and 9) is an anisotropic shaft as disclosed in Japanese 
Laid-Open Patent Publication No. 10-328338, and 
prepregs 18a and 18b are wound by two turns by 
differentiating the winding start positions thereof from 
each other by 180° in the circumferential direction of the 
shaft. The orientation of the reinforcing fiber of the 
prepreg 18c wouad in a first s e m i - c i r c u m f e r e n c e region 
(0° ^ 0 < 180° ) of the circumferential direction of the 
shaft is different from that of the reinforcing fiber of the 
prepreg 18d wound in a second semi-circumference region 
(180° ^ 0 < 360° ) of the circumferential direction thereof. 
Similarly, the orientation of the reinforcing fiber of the 
prepreg 18e wound in a first se mi- circumfe re nee region 
(0° ^ 9 < 180° ) of the circumferential direction of the 
shaft is different from that of the reinforcing fiber of the 
prepreg 18f wound in a second s e m i - c ir cu m f e r e nc e region 
(180° S 0<36O° ) of the circumferential direction thereof. 



17 



A prepreg sheet 18g is wound by three turns as an 
outermost layer of the shaft. 

The shaft of the third comparison example (Figs. 10 
and 11) is an anisotropic shaft as disclosed in Japanese 
Laid-Open Patent Publication No. 11-76480. Prepregs 
20a and 20b are added to the p r e p r e g - w i n d i n g construction 
of the shaft of the first comparison example (Figs. 6 and 7). 
That is, the prepregs 20a and 20b correspond to the hoop 
layer described in Japanese Laid-Open Patent Publication 
No. 11-76480. The prepreg 20a and the prepreg 20b are 
wound by one turn, respectively. After prepregs 18c and 
ISd are bonded to the prepreg 20a, the prepregs 18c, 18d, 
and 20a combined with one another is layered on the 
prepreg 18b. After prepregs 18e and 18f are bonded to 
the prepreg 20b, the prepregs 18e, 18f, and 20b combined 
with one another was layered on the prepreg 18d. 

In the first embodiment (Figs. 1 and 2), a prepreg la 
and lb are wound with 3.3 turns. The prepregs la and lb 
are wound by differentiating winding start positions 
thereof from each other by 180° in the circumferential 
direction of the shaft. A prepreg Ic is wound by three 
turns on the prepreg lb as an outermost layer of the shaft. 
A part lA (thick part) of the prepreg lb having a length 0.3 
of one turn positioned at the winding termination side is 
formed as an anisotropic part. That is, owing to the 
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presence of the part lA having the length 0.3 of one turn of 
the prepreg lb, the orientation state of the reinforcing 
fiber of the shaft is partly changed in the circumferential 
direction of the shaft and also changed at least one part 
thereof in its thickness direction. 

In the second embodiment (Figs. 3 and 4), each of 
prepregs 3a, 3b, 3c, and 3d is wound by 1.5 turns and 
wound by differentiating winding start positions thereof 
by 180° from one another in the circumferential direction 
of the shaft. A prepreg 3e is layered by three turns on the 
prepreg 3d as an outermost layer. A part 3A (thick line 
part) of the prepreg 3a and a part 3B (thick line part) of 
the prepreg 3b having a length 0.5 of one turn at the 
winding termination side are positioned at a semi- 
circumference region (0° ^ 6 < 180° ) and a circumference 
region (180° ^ 6 < 360° ), respectively. The reinforcing 
fiber of the prepreg 3a and that of the prepreg 3b are 
opposite to each other in the orientations thereof. 
Similarly, a part 3C (thick line part) of the prepreg 3c and 
a part 3D (thick line part) of the prepreg 3d having a 
length 0.5 of one turn at the winding termination side are 
positioned at a semi-circumference region (0° ^ 6 < 180° ) 
and a circumference region (180 ° ^ 0 < 360 ° ), 
respectively. The reinforcing fiber of the prepreg 3c and 
that of the prepreg 3d are opposite to each other in the 
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orientations thereof. In winding the prepregs 3a and 3b 
on the mandrel, the part of 0.5 turns of each thereof are 
bonded to each other to prepare one prepreg sheet. Then, 
one prepreg sheet is wound on the mandrel. Similarly, in 
winding the prepregs 3c and 3d on the mandrel, the part of 
0.5 turns of each thereof is bonded to each other to prepare 
one prepreg sheet. Then, one prepreg sheet is wound on 
the mandrel. 

Static twist amounts in bending (indicating the 
degree of twist anisotropy), three-point bending strengths, 
twist failure strengths, and work time periods required to 
produce one shaft were measured on shafts of the 
comparison examples and the embodiments. Table 1 
shows the result. 

The static twist amounts in bending (indicating the 
degree of twist anisotropy), the three-point bending 
strengths, the twist failure strengths, and the work time 
periods required to produce one shaft were measured by 
the following methods. 
(Static twist amounts in bending) 

As shown in Fig. 12, a shaft S was held by a chucking 
device 200 which chucked a portion of the shaft S spaced at 
150mm from an end 100a at a grip part side of the shaft S, 
with the shaft S held horizontally. The center of a metal 
wire 50 having a length of 140mm was bonded to the upper 
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surface of the shaft S at a position thereof which was 
spaced by 98% of the entire length of the golf club from the 
end S-a thereof such that the metal wire 50 was horizontal 
and perpendicular to the axis of the shaft S. A weight 51 
having a weight of 1.1kg was hung from the shaft S at the 
lower end surface of the position spaced by 98% of the 
entire length of the golf club from the end S-a of the shaft 
S. The twist amount of the shaft S before and after the 
load of the weight 51 was applied to the shaft S was 
measured by a rotation angle (6 ) of the metal wire 50. 
(Three-point bending strength) 

A test was conducted in accordance with "(1) three- 
point bending test of strength of 4.C type shaft" of 
"admittance standard of golf club shaft and method of 
checking standard (CPSA0098)" of Product Safety 
Association. 

That is, as shown in Fig. 13, a shaft S was supported 
by a pair of supporting tools 500 in a predetermined span 
Li3. A load (W) was applied to a center position between 
the supporting tools 500 to measure a load value when the 
shaft S was destroyed. The measured load value was set 
as an evaluation value. The result is shown in table 1. 

The length of the shaft S was 1143mm. Load- 
applied points were T (spaced at 90mm from the end of the 
shaft at its s m a 1 1 - d i a m e t e r side), A (spaced at 175mm from 
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the end of the shaft at its s m a 1 1 - d i a m e t e r side), B (spaced 
at 525mm from the end of the shaft at its s m a 11 - d i a m e t e r 
side), and C (spaced at 175mm from the end of the shaft at 
its 1 ar g e - d i a m e t e r side). When the load-applied point 
was T, the span Ljg was set to 150mm. When the load- 
applied points were A, B, and C, the span Lig was set to 
300mm. 

(Twist failure strength) 

A test was conducted in accordance with "2. twist 
test" of "admittance standard of golf club shaft and 
method of checking standard (CPSA0098)" of Product 
Safety Association. 

As shown in Fig. 14, both end portions of a shaft S 
having a length of 50mm were fixed by a fixing jig 600. A 
twist torque was applied to the shaft S until the shaft S 
was destroyed. A product of a torque value and a twist 
angle when the shaft S was destroyed was set as an 
evaluation value. The result is shown in table 1. 
(Work time period required to produce one shaft) 

A period of time for producing 10 shafts of each of 
the comparison examples and the embodiments was 
measured. That is, a period of time (for 10 shafts) 
required to cut prepreg materials into prepregs having a 
predetermined dimension and a period of time (for 10 
shafts) required to wind prepregs on mandrels and form 
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the shafts by molding were added to each other. An 
evaluation value was determined by dividing the total 
period of time by 10. 
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As shown in table 1, the shaft of the first 
embodiment was 0.8 in its static twist amount, then the 
shaft had anisotropic. As shown in Fig. 1, the shaft of 
the first embodiment had four prepregs layered one upon 
another, a number of prepregs is as same as that of the 
shaft (Fig. 6) of the first comparison example. The 
difference between both shafts is that in the shaft of the 
first comparison example, the prepreg (inclined fiber 
reinforced resinous layer) 16a in which the reinforcing 
fiber oriented by + 45° with respect to the axis of the shaft 
is wound at a plurality of integral turns (three turns), 
whereas in the shaft of the first embodiment, the prepreg 
(inclined fiber reinforced resinous layer) la in which the 
reinforcing fiber oriented by + 45° with respect to the axis 
of the shaft is wound at a plurality of unintegral turns 
(3.3 turns). As shown in table 1, the productivities 
(prepre g- winding period of time) of both shafts are equal 
to each other and very favorable, and the strengths 
thereof are also almost equal to each other and high. By 
comparing both shafts with each other, it is understood 
that in the first embodiment, it is possible to provide an 
anisotropic shaft having the same degree of productivity 
and strength as those of the conventional unisotropic 
shaft and not having a seam formed between prepregs. 

It is understood that the shaft of the second 
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embodiment and the shaft of each of the second and third 
comparison examples are in the same anisotropic state 
(static twist amount in bending: 2.5). That is, the parts 
3A and 3B (thick line part) of each of the prepregs 3a and 
3b having a length 0.5 of one turn at the winding 
termination side were positioned in the region (0° ^ 6 < 
180° ) and the region (180° < B < 360° ), respectively in 
the circumferential direction of the shaft. The 
reinforcing fiber of the prepreg 3a and that of the prepreg 
3b were opposite to each other in the orientations thereof. 
Similarly, the parts 3C and 3D (thick line part) of each of 
the prepregs 3c and 3d having a length 0.5 of one turn at 
the winding termination side which were positioned in the 
region (0° ^ 6 < 180° ) and the region (180° ^ 9 < 360° ), 
respectively. The reinforcing fiber of the prepreg 3c and 
that of the prepreg 3d were opposite to each other in the 
orientations thereof. The prepregs 3a and 3b, and the 
prepregs 3c and 3d have a function similar to that of the 
anisotropic layer (prepreg 18c and prepreg 18d) of the 
shaft of the second comparison example and that of the 
anisotropic layer (prepreg 18e and prepreg 18 f) of the 
shaft of the third comparison example. 

The shaft of the third comparison example has a 
higher degree of strength than the shaft of the second 
comparison example because the former has the hoop layer 
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(prepregs 20a and 20b) provided thereon. The shaft of 
the second embodiment has a higher degree of strength 
than the shaft of the third comparison example. The 
shaft of the third comparison example has a higher degree 
of productivity than the shaft of the second comparison 
example. This is because in the former, the prepregs 18c 
and 18d are wound after they are bonded to each other on 
the hoop layer (prepreg 20a), and the prepregs ISe and IBf 
are wound after they are bonded to each other on the hoop 
layer (prepreg 20b). The number of the prepregs of the 
shaft of the second embodiment is smaller than that of the 
prepregs of the shaft of the third comparison example. 
Further, in the second embodiment, it is unnecessary to 
perform s e m i - c ir cu m f e r e n c e p r e p r e g - b u 1 1 i n g operation. 
Thus, the shaft of the second embodiment can be 
manufactured in a shorter time period than the shaft of 
the third comparison example. 

As it is apparent with above description, the present 
invention can obtain an anisotropic golf club shaft without 
using semi-circumference prepreg, then the anisotropic 
golf club shaft of the present invention has a higher 
degree of strength and productivity than the conventional 
anisotropic golf shaft. 

Further, a face of a club head installed on the end of 
the anisotropic golf shaft is oriented to a specific 
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direction owing to twisting of the shaft at a desired angle 
caused by flexure thereof when the golf club is swung, 
therefore the anisotropic golf shaft is preferable for the 
hooker and slicer. 
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WHAT IS CLAIMED IS: 

1. A golf club shaft having a plurality of fiber 
reinforced resinous layers which are layered one upon 
another in a winding state, 

wherein one or more layers of said layers are 
inclined fiber reinforced resinous layers in which 
reinforcing fibers are oriented at angles not 0° and 90° 
with respect to an axis of said golf club shaft and, at 
least one layer of said inclined fiber reinforced resinous 
layers is wound by an unintegral turns more than one turn 
so as to apply an anisotropic property to the shaft. 

2. The golf club shaft according to claim 1, wherein the 
unintegral turns of said fiber reinforced resinous layers 
wound by more than one turn is N + 0. 5, where N is an 
integer more than 1. 

3. The golf club shaft according to claim 1, wherein the 
inclined fiber reinforced resinous layers are a first 
inclined fiber reinforced resinous layer in which 
reinforcing fibers are oriented at an angle o f a ° (0° <a 
< 90° ) with respect to an axis of said golf club shaft and 
a second inclined fiber reinforced resinous layer in which 
reinforcing fibers are oriented at an angle of -a ° with 
respect thereto, and the second inclined fiber reinforced 
resinous layer is adjacently layered on said first inclined 
fiber reinforced resinous layer in a winding state at one 
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portion or more, and a winding start position of said first 
inclined fiber reinforced resinous layer and a winding 
start position of said second inclined fiber reinforced 
resinous layer are spaced at 180° in a circumferential 
direction of said golf club shaft; and said first inclined 
fiber reinforced resinous layer and said second inclined 
fiber reinforced resinous layer are wound by N + 0.5 turns, 
respectively where N is an integer more than one. 

4. The golf club shaft according to claim 3, wherein the 
first fiber reinforced resinous layer and the second fiber 
reinforced resinous layer are bonded to form one prepreg 
sheet. 

5. The golf club shaft according to claim 1, wherein a 
part of the inclined fiber resinous layer corresponding to 
decimal turns obtained by substructing integral turns 
from the unintegral turns forms an anisotropic region and 
an angle of the reinforcing fiber of the anisotropic region 
is different from that of other region in a circumferential 
direction of the shaft. 

6. The golf club shaft according to claim 5, wherein the 
anisotropic property is applied to the shaft by the 
anisotropic region, so that the shaft is twisted by a 
flexure thereof when the shaft is swung. 

7. The golf club shaft according to claim 6, wherein a 
face of a club head installed on the shaft is oriented to a 
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direction, in which a golf ball hit by a hooker or a slicer is 
to be flied, owing to twisting of the shaft. 

8. The golf club shaft according to claim 1, wherein one 
or more of said fiber reinforced resinous layers have 
reinforcing fiber whose orientation angle is 90° and/or 0° 
with respect to the axis of the shaft. 

9. The golf club shaft according to claim 1, wherein the 
fiber reinforced resinous layers are composed of prepreg 
sheets. 



31 



ABSTRACT OF THE DISCLOSURE 

At least one layer of inclined prepregs whose 
reinforcing fiber is oriented at angles not 0° and 90° with 
respect to an axis of a golf club shaft is wound by an 
unintegral turns more than zero at at least one part of the 
golf club shaft in an axial direction thereof. A part of the 
prepreg(s) corresponding to decimal turns obtained by 
subtracting integral turns from the unintegral turns 
forms an anisotropic region. In this manner, it is 
possible to obtain an anisotropic shaft in which the angle 
of the reinforcing fiber is partly different from that of 
other parts in the circumferential direction of the shaft 
and further, at at least one part in the thickness direction 
thereof. 



32 



Fig. 1 




Fig. 2 



1A 



Fig. 3 



r"^r745iiii^^ 1 . 5P 

^ ' ^3a 

\ # -45^^— — ^ 1 . 5P 
I— — ^3b 

1^ — " ^3c 
\ # -45^-^^< 1.5P 



Fig. 4 




Fig. 5 



Fig. 6 




Fig. 7 



16b 



Fig. 8 




Fig. 9 



Fig. 10 



Fig. 11 




. 12 

(A) 



''//////// X. 

'v///////\ 




Fig. 13 




Fig. 14 

600 



S 



Fig. 15 




Fig. 16 

(A) 




(B) 



BIRCH, STEWART, KOLASCH Cif BIRCH, LLP 

PLEASE NOTE; COMBINED DECLARATION AND POWER OF ATTORNEY 

Sii^STHE FOR PATENT AND DESIGN APPOCATIONS 

FOLLOWING: As a bclow named inventor, I hereby declare that: my residence, post office address and citizenship are as 

!■ stated next Lo my name; that I verily believe that I am the original, first and sole inventor ( if only one inventor 

is named bclovir) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entided: 

lnscrtr.de: COi V Cl-UB SHAFT 



ArrO R.NEY D OCKET NO . 

2927-103P 



Fill in Appropriate 
Information - 
For Use With out i 
Spedricadon 
Attached: 



tlie specification of which is attached hereto. If n 

y the specification was filed on 

United States Application Number 



the specification was filed on_ 
InLcrnation;il Application Number_ 
amended under PCT Article 19 on_ 



_ (if applicable) 



Insert Priority 
Information: 
(!f appropriate) 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of Am erica before 
my or our invention thereof, or patented or described in any printed publication in any country before my or 
our invention thereof or more than one year prior to this application, that the same was not in public use or 
on sale in the United States of America more than one year prior to tliis application, that the invention has not 
been patented or made the subject of an inventor's certificate issued before the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal representatives or 
assigns more tlian twelve montlis (six months for designs) prior to this application, and tliat no application for 
patent or inventor's certificate on this invention has been filed in any country foreigii to the United States of 
America prior to this application by me or my legal representatives or assigns, except as follows. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(d) of any foreign 
applicatjon(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application c 
priority is claimed: 



a which 



' Prior Foreign Application (s) 

10-! 0 ^ A ? -1:1 pan 



04/20/98 

(Monlli/Day/YcAr Filed) 



Prioritv Claimed 



Insert Provisional 
AppticaUon(5): g 
(irany) 



Insert Requested 
Information: ^ 
(if appropriate) 



Insert Prior U.S. 
Application (s): ' 
(if any) 



I hereby claim the benefit under Ti 
application (s) listed below, 



D 

Yes 

□ 
Yes 

□ 
Yes 
□ 
Yes 

itle ?>5, United States Code. §1 19(e) of any United States pi 



{Mon(h/Djy/Yeir Filed) 



CMonih/Day/Vcar Filed) 



[Monili/Day/Ycar Filed) 



All Foreign Applications, if any, for any Patent or Inventor's Certificate Filed More Than 12 Months (6 
Months for Designs) Pnor To The Filing Date of This Application: 



1 hereby claim tlic benefit under Title 35, United States Code, §120 of any United States application (s) 
listed bclow and, insofar as the subject matter of each of the claims of this application is not disclosed m the 
prior United States application in the manner provided by the first paragraph of Tide 35, United States Code, 
§112, 1 acknowledge the duty to disclose information which is material to palcntabUicy as defined in Tide 37, 
Code of Federal Regulations, §1.56 which became available between tlie filing date of the prior application 
and tlic national or PCT international filing date of this application: 



PLEASE NOTE: 
YOU MUST 
COMPLETE THE 
FOLLOWING: 



2927- 

I hcvrby appoint Uic following attomcys to proscctUr ihis application and/or an inlcniational appUcation 
l).iscdoi\ this application luid Co umtijcl jll biiMiu-ssin Lhc I'atciUaud Tradcuuuk Onic c couucclcd lhcM.;vva)i 
and in connecuon with tlie resuiting patent based on instructions received from die entity who first sent the 
application papers to the attorneys identified below, ualess the inventor(s) or assignee provides said attorneys 
with a written notice to the contrary: 



Terrell C. Birch 
Joseph A. KoLasch 
Bernard L. Sweeney 
Charles Gorenstein 
Leonard R. Svcnsson 
Andrew D. Mciklc 
Joe McKinncy Muncy 
C. Joseph Faraci 

Send Correspondence to: 



(Reg. No 19,382) 
(Reg. No. 22,463) 
(Reg. No. 24,448) 
(Reg. No. 29,271) 
(Reg. No. 30,330) 
(Reg. No. .'$2,{168) 
(Keg. No. 32,334) 
(Reg. No. 32,350) 



Raymond C. Stewart 
James M. Slattery 
Michael K. Mutter 
Gerald M. Murphy, Jr. 
Terry L. Clark 
Marc S. Wcincr 
Andrew ¥. Rcish 
Donald J. Daley 



(Reg. No. 21,066) 
(Reg. No. 28.380) 
(Reg. No. 29,680) 
(Reg. No. 28,977) 
(Reg. No. 32,544) 
(Reg. No. 32,181) 
(Reg. No. 33,443) 
(Reg, No. 34,313) 



BIRCH, STEWART, KOLASCH isf BIRCH, LLP 
P.O. Box 747 • Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 



I hereby declare that all statements made herein of my own knowledge are true and that all si 
made on mformation and belief arc believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 



GIVEN NAME FAMILY NAME 

Moric SUffl'i'CMO 


ItslVENTOR'S SIGNATURE 


DATE* 

April 15, 1'59^ 


Residence [Q!y, Siate 8. Country) 
iiyciqo, Japciri 


CITIZENSHIP 

Japan 


POST OFFICE ADDRESS (Complete Street Address includ ng City. State & Country) 

64 J 1-1306, .Miqaslii tut.smi , Fu t:am l - ch.. , Akaohi -.shx , Hyoqo , 
JdPar, 


GIVEN NAME FAMILY NAME 

Md-sahid? ONUKI 


INVENTOR'S SIGNATURE 


DATE- 

.-Vpril 16. 1999 


Residence (City, State & Country) 
Hyvyo, Japan 


CITIZENSHIP 
J apan 


POST OFFICE ADDRESS (Complete Street Address including City. Stale & Country) 
/22 2, Sh LiTioi sh'i.no , Be ^sho - ci-\n , MikL--sh,i, rljoqo , Japan 


GIVEN NAME fi^MILY NAME 


INVENTOR'S SIGNATURE 


DATE- 


Residence (City, Slate & Country) 


ClTlZENSHiP 


POST OFFICE ADDRESS (Complete Street Address including City, State 4 Country) 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE- 


Residence (Oly, State a Country) 


CITIZENSHIP 


POST OFFICE ADDRESS (Comp-ele Street Address including City, State & Country] 


GIVEN NAME FAMILY NAME 


INVENTOR'S SIGNATURE 


DATE" 


Residence (Qty, State & Country) 


CITIZENSHIP 


POST OFFICE AODFIESS (Complete Street Address includirig City, State & Country) 



* DATE OF SIGNATURE 



